The most useful and reliable serological investigations for the diagnosis of current Mycoplasma pneumoniae infection, including reinfection, were investigated. Paired sera and respiratory specimens from 1 15 patients with lower respiratory tract symptoms were examined for evidence of current M . pneumoniae infection by serological response, as measured by complement-fixation and indirect immunofluorescence tests for specific IgM, IgA and IgG, and also by culture of M . pneumoniae from respiratory material. Specific IgM was not always detectable in cases where other criteria indicated current or recent infection. On the basis of the present results, it is postulated that primary infection and reinfection may be differentiated by the presence or absence of specific IgM in the presence of elevated specific IgA levels and, therefore, that estimation of both IgM and IgA is necessary for the maximal detection of current M . pneumoniae infection, including reinfections. Specific IgG levels remained elevated for many weeks and were not useful diagnostically.
Introduction
Mycoplasma pneumoniae is recognised as the only mycoplasma species that is unequivocally a primary pathogen in man, causing disease manifestations ranging from asymptomatic respiratory infection to severe pneumonia. The organism is sensitive to erythromycin and tetracyclines, but not to the drugs usually given routinely as initial therapy in acute pneumonia. Therefore, rapid, reliable laboratory diagnosis is important for this infection.
Because of its fastidious nature, culture of M . pneumoniae is difficult and far too slow to be of clinical use; hence, serology remains the prime diagnostic tool. The commonly used complement fixation (CF) test is of limited having technical problems or producing inconclusive results in many cases, due mainly to difficulties in interpreting moderately elevated titres of specific antibody that could derive from an earlier infection. The specificity of the lipid antigen involved in this test has also been challenged.2 Detection of specific Ig M anti body, which characteristically appears early in most microbial infections4 and has a short half-life, is ideally suited for rapid diagnosis of recent or current infection. The indirect immunofluorescence and IgM-capture enzyme immunosor- bent assays (EIA) described by Wreghitt and Sillis' have proved very useful for detecting M . pneumoniae IgM. However, reinfection with M . pneumoniae is reported to be common6*' and it is widely believed that the IgM response is either minimal or undetectable in reinfections with some microbial agents.* If the latter is true also for M . pneumoniae, reliance on specific IgM alone as a diagnostic tool could allow some infections to be missed.
In the study reported here, the serological response in patients with and without presumed M . pneumoniae infections was examined, supplemented where possible by culture for the organism, to elucidate the limits of reliability of the rapid IgM methods and to determine the most useful testing protocol for serological detection of current or recent infection.
Materials and methods
The cases represented in this investigation comprised 115 patients with suspected M . pneumoniae infection studied during the 1978-1979 epidemic period. Every patient presenting with acute or persisting chest infection, and from whom both paired sera (acute and convalescent) and acute respiratory material (sputum or throat swab) were available for serological testing or cultivation, respectively, was included in the study.
Sera were separated at 37°C and tested for the presence of cold agglutinins (CA), M . pneumoniae complement-fixing antibody and M. pneumoniae-specific IgM, IgA and IgG as detected by indirect immunofluorescence (see below).
Cold agglutination test
Sera were used at dilutions of 10, 20 and 40 in phosphate-buffered saline (PBS), pH 7.0, in 0-5-ml volumes in tubes, to each of which was then added 0.5 ml of a washed 0.5% suspension of human Group-0 redblood cells in PBS. The tubes were placed at 4°C overnight or for a minimum of 2 h. For reading the result, the tubes were tapped once to dislodge any sedimented red cells; any agglutination pattern observed with the naked eye was recorded as positive and a buttoned deposit that dispersed as a fine suspension as negative. Tubes were placed at 37°C for 30 min to check that elution of the agglutinin had occurred, resulting in disappearance of the agglutination pattern. A titre of > 20, although non-specific, was taken as suggestive of recent or current M. pneumoniae infection. 
Complemen t-jixa t ion test

Indirect immunofluorescence test (IFA)
The slide test with M. pneumoniae suspensions as antigen, as described by Wreghitt and Sillis,' was used to assess M . pneumoniae-specific IgM, IgA and IgG in patients' sera tested in twofold dilutions at 4-128. Presence of a specific IgM titre of >4, or a specific IgA titre > 8, or a fourfold rise or fall in the latter, was taken to indicate recent or current M. pneumoniae infection.
Culture procedure
Samples of sputum, mucolysed with N-acetyl cysteine 2%," or throat swab washings in virus transport medium (2 ml), were inoculated in 0.2-ml volumes on to agar and into 2 ml of broth medium, as described below. A further 100-fold dilution in broth was also made. Plates were incubated at 37°C in C 0 2 5%, N2 95% and examined microscopically for colonies at 3-4-day intervals for up to 3 weeks. Positive cultures were confirmed by growth inhibition tests with specific mycoplasmal antiserum disks issued by DMRQC. Broth cultures were incubated at 37°C and examined at intervals for colour change and were discarded after 3 weeks if no colour change had occurred. Broth cultures showing a colour change indicating acidification, but without evident turbidity, were subcultured on to agar medium and any resulting colonies identified as above. Broths that became turbid before day 7 were assumed to be bacterially contaminated and were discarded; any becoming turbid after day 7 were filtered through a 450-nm average-pore-diameter membrane filter and 0.5 ml of the filtrate was inoculated into 2 ml of fresh broth medium, which was incubated and further examined as above.
Media
The 
Other investigations
Mucolysed sputum samples were routinely cultured on bacteriological media for respiratory bacterial pathogens and sera were tested by the CF test to detect antibodies to adenovirus, Influenza A, Influenza B, Chlamydia spp. and Coxiella burnetii.
Results
More than half (63%) of the 115 cases examined showed evidence of recent M . pneumoniae infection by serological criteria and nearly half (45%) by isolation of the mycoplasma ( 
Q Fourfold rise in 8.
The 50 patients in Group 1 were those with detectable levels of specific IgM, together with other positive serological markers indicating M. pneumoniae infection. Isolation of the organism was successful from 40 of these patients; 40 patients in the group also had a CA titre >20. Forty-one patients were admitted into hospital. Significant titres of specific IgM were detected at presentation in 43 (86%) patients and seven developed IgM later; only 21 patients had CF titres >128. Peak antibody levels (CF and IF) were demonstrated at presentation in 24 patients; all but two of these were hospital admissions. Of the remaining 26 patients with still-rising titres, seven were not hospital admissions. Eight patients in Group 1 never manifested any of the CF-antibody positive criteria.
In the 14 patients in Group 2, serological evidence of M. pneumoniae infection was demonstrated in the absence of detectable specific IgM antibody. From all but two, the mycoplasma was cultivated. A detailed breakdown of results for this group is shown in table 11. Positive CA titres (> 20) were detected in the sera of only two patients. Three patients were admitted into hospital. Eight patients in this group never produced CF antibody titres at a level regarded as diagnostic (> 128) during the period studied. The absence of specific IgM in sera from this group was confirmed by use of an IgMcapture EIA technique' or by sucrose density gradient (SDG) fractionation of sera,' followed by CF and IFA tests.
The 10 patients in Group 3 had positive CF criteria as the only evidence of M. pneurnoniae infection. Absence of IgM was confirmed by IgMcapture EIA and SDG fractionation. The remaining 41 patients, comprising Group 4, showed no serological or cultural evidence of M. pneumoniae infection, except that CA titres > 20 were detected in four of these cases.
An incidental observation was that the quality of the fluorescence in the IFA IgG assay produced by sera in Groups 1 and 2 was different from that for Groups 3 and 4; the former was extremely bright, compared with a much duller fluorescence in the latter.
Discussion
Two clearly defined patterns of positive serological response were observed in patients with M. pneumoniae infection as diagnosed on the basis of the above criteria, one showing a marked level of specific IgM (Group 1) and the other having minimal or no specific IgM, but elevated or rising or falling titres of specific IgA, IgG or CF antibody (Group 2). Alternative explanations may be offered to account for the negative IgM response in the latter group.
Firstly, these patients may have had an impairment of the IgM limb of the antibody response. However, four patients did produce detectable CAs, which belong to the IgM class. Secondly, as prolonged shedding of M. pneumoniae from the respiratory tract is known to occur for up to 7 months after acute illness,' it could be argued that the patients in Group 2 were prolonged excreters following a mycoplasma infection that had occurred several months before the present illness, which may have been caused by another agent. Biberfe1dl4 noted that prolonged excretion was not necessarily associated with a prolonged IgM response. However, the Group-2 patients were also examined both serologically and by culture for other microbial pathogens, with negative results. Furthermore, most (1 0) of the 1 3 patients in Group 2 had evidence of recent infection, as manifested by a significant rise in titre of M . pneumoniae CF, IgA and IgG antibody during the course of the current illness. However, in the other three patients with high unchanging levels of CF, IgA and IgG antibody (cases 1,6, 14) , the possibility that these infections occurred some months previously remains a possible explanation of the absence of detectable IgM. With regard to the anomalous case (patient 1) in Group 2, where M. pneumoniae was isolated once but not 15 days later, transient carriage of M. pneumoniae in the upper respiratory tract must be considered. The child was a contact in a confirmed family outbreak, but never became ill during the period in which the family was studied. It is conceivable that this patient (table 11) experienced a re-exposure to the organism at a time when her local immunity had been boosted sufficiently to prevent multiplication of the organism, thus preventing both clinical disease and detectable boost-ing of serum antibody apart from a minimal IgG response. This explanation is consistent with the hypothesis of Fernald et al. l 5 who speculated that, because M. pneumoniae attaches only superficially and never penetrates the lung parenchyma, l6 several exposures to the organism may be necessary to produce pulmonary disease, particularly in the absence of the host's local immune response. Consequently, if the host's exposure-intervals to M . pneumoniae were frequent, local immunity would be boosted sufficiently to contain its multiplication and thereby prevent development of the disease.
It is tempting to speculate that all the cases in Group 2 represent reinfections with M. pneumoniae, whereas those in Group 1 represent primary infections. Many workers have observed agedependent differences in antibody response in patients under 20 years of age, compared with those over 40 years, 2 9 ' and a decrease in IgM : IgG ratio with age, suggestive of re-infections in the older age group. l7 Although there was no appreciable difference in the average age of patients in Groups 1 and 2, there is evidence of an age bias in this study which could have limited the number of young patients included, due to the reluctance of clinicians to venepuncture children unless absolutely necessary. As children comprise the agegroup most likely to have primary infections, any bias against their inclusion would be more likely to reflect upon Group 1. Only 12% of patients in this study were less than 10 years of age, whereas this age-group accounted for 30% of routine M. pneumoniae diagnostic investigations during this period.
Umetsu et aL2' found a rise of CF and IgG titres in four patients with pre-existing M . pneumoniae antibody after presumed M. pneumoniae reinfection, but no detectable specific IgM in two cases, although there was a good IgM response in one patient who had two well-separated episodes of apparent M. pneumoniae infection. The pattern of response in the two IgM-negative patients corresponds with that noted for most of our Group-2 patients.
The observed differences in serological response could possibly be linked to the severity of the disease caused by M. pneumoniae, although this might merely reflect the different response between primary (usually invasive) and secondary infections. Corder0 et al. l 8 noted a trend towards higher antibody titres after clinical illness, compared with those after asymptomatic infections, but a study by Taylor-Robinson et a1.l' did not confirm these findings. In the present study, 82% of Group-1 patients were admitted into hospital compared with 22% in Group 2; this criterion is probably a reliable indicator of the relative severity of illness in the two groups. Thus, reinfection with M. pneumoniae and associated factors of age and severity of disease clearly would offer the most credible explanation of the differences in serological response in Groups 1 and 2, with the exception of patient 1.
The 10 patients in Group 3, who had positive CF criteria as the only evidence suggesting M. pneumoniae infection, could not be compared usefully with those of other groups. In view of the questionable specificity of the lipid antigen used in this test2 and the known long-term persistence of IgG from previous infections, this evidence alone was regarded as insufficient for reliable diagnosis of mycoplasma infection. The remaining 41 patients in Group 4 had negative specific serological and cultural criteria, indicating that their illnesses were not a result of M. pneumoniae infection.
The temporal distribution of the different antibody classes varies' ' and, although the peaks of M.
pneumoniae-specific IgM, IgA, IgG and CF antibody are almost synchronous, occurring at 2-3 weeks after onset of illness, they show markedly different rates of decay. IgM declines to insignificant levels 3 months after onset in most cases and IgA over 4-5 months, but specific IgG and CF antibodies remain elevated for many months. l 1 Thus it should be stressed that only specific IgM and elevated (titre > 8) IgA levels are diagnostically reliable for. detecting recent M. pneumoniae infection. The proportions of the four subclasses of IgG are known to alter during the course of an infection. 21 The predominance of one particular subclass at any one time, or differences in antibody avidity, may explain the aforementioned qualitative difference in the fluorescence observed in the IFA IgG assay in patients from Groups 1 and 2, compared with those in Groups 3 and 4.
In the present study, the concurrent investigations of M. pneumoniae-specific IgM, IgA and IgG titres detected 99% of all M . pneumoniae infections, whether primary infections or reinfections, as classified according to our criteria, whereas only 78% of cases-presumed to be primary infectionswere detected by the IgM assay alone. With the paired sera that were available, the CF test detected 86% of all M. pneumoniae infections, but also gave 13% apparently false-positive results (Group 3), since they were not confirmed by other serological or cultural criteria.
It is concluded from this study that concurrent investigations of M . pneumoniae-specific levels of both IgM and IgA are necessary for the comprehensive, accurate and rapid diagnosis of all M. pneumoniae infections. In 86% of the present cases, such a diagnosis could be made by examination of a single serum.
